Changes in abundance of aquaporin-like proteins occurs concomitantly with seasonal acquisition of freeze tolerance in the goldenrod gall fly, Eurosta solidaginis.
The accumulation of cryoprotectants and the redistribution of water between body compartments play central roles in the capacity of insects to survive freezing. Aquaporins (AQPs) allow for rapid redistribution of water and small solutes (e.g. glycerol) across the cell membrane and were recently implicated in promoting freeze tolerance. Here, we examined whether aquaporin-like protein abundance correlated with the seasonal acquisition of freezing tolerance in the goldenrod gall fly, Eurosta solidaginis (Diptera: Tephritidae). Through the autumn, larvae became tolerant of freezing at progressively lower temperatures and accumulated the cryoprotectant glycerol. Furthermore, larvae significantly increased the abundance of membrane-bound aquaporin and aquaglyceroporin-like proteins from July through January. Acute exposure of larvae to cold and desiccation resulted in upregulation of the AQP3-like proteins in October, suggesting that their abundance is regulated by environmental cues. The seasonal increase in abundance of both putative aquaporins and aquaglyceroporins supports the hypothesis that these proteins are closely tied to the seasonal acquisition of freeze tolerance, functioning to permit cells to quickly lose water and take-up glycerol during extracellular ice formation, as well as reestablish water and glycerol concentrations upon thawing.